Abstract. Central kitchen is a food producing factory to improve productivity in the food-service industry, to pursue scale-merit by aggregation of tasks in multiple stores into one place. However, the central kitchen is still labor intensive production environment because of tradeoff between quality and quantity of products, so that the handicraft of skilled workers cannot be eliminated. In addition, there are many parttime workers as well as full-time ones, as a result, operators can be also uncertain factors. Furthermore, customer demand forecast is also difficult according to not only susceptible to weather and seasonal variation but also influence from irregular events held around the restaurant. Due to such characteristics of the food service industry, it is also difficult to plan proper facility layout of the central kitchen to achieve both optimality and adaptability to the complexity. In this study, a new facility layout planning method of the central kitchen is proposed, where not only optimization but simulation is also adopted; flow of workers as well as products can be considered simultaneously. Computer experiments in which the proposed method is applied to the real-scale problem are conducted to confirm the effectiveness of the proposed method.
Introduction
Importance of the service industry is increasing because the service industry plays about 70% of GDP in Japan, two-thirds of employment. In spite of the expansion of the role of the service industry, the productivity growth of the service industry is relatively low compared to the manufacturing industry and the overseas service industry [1] . It is not easy to improve the productivity of the service industry because service is complex in nature, so that the quality of production and provision of services depends on experience and intuition of workers. Service Science [2] , Product-Service System [3] and Service Engineering [4] have been proposed to improve productivity of service industry. Productivity of food service industry is also relatively low among the service industries [5, 6] . Central kitchen is a food processing plant in order to improve productivity in the food service industry, to pursue economies of scale. In the central kitchen, efficiency of production due to the automation and process integration is important, however, according to trade-off between quality improvement and quantity acquirement the handicraft of skilled workers cannot be eliminated; the production base labor intensive. In addition, there are many part-time workers as well as full-time ones; unskilled workers may be uncertain factors in production. Moreover, not only variables of central kitchen inside, it is subject to weather and seasonal variation. There is also the impact of irregular events held around the restaurant, so that demand forecasting is intensely difficult. By producing food of high quality while adapting flexibly to the environmental changes of central kitchen internal and external, it is possible to achieve improvement customer satisfaction (CS), employee satisfaction (ES) and management satisfaction (MS).
From the above-mentioned complexities, daily productions of the current central kitchen is carried out by the experience and intuition of skilled workers. Consequently, facility layout does not take into account the movement of workers as well as product flow. Moreover, the production is labor intensive because it is hand-made to create value, so that the load on the worker is large, reduction of the workload by improving the facility layout is also necessary. This study aims at deriving facility layout to minimize the moving mileage of workers as the worker load indicator. Flow line of worker draws a complicated trajectory, calculating the length of moving mileage is difficult by the conventional mathematical programming approach [7] . Therefore, to calculate workers' moving mileage, integration of computer simulations and genetic algorithms is proposed [8] . Fitness calculation of each individual in GA incorporates the computer simulations, as a result, the placement of equipment and workers are obtained to minimize the sum of moving mileage of each worker. However, it is necessary a lot of computation time if experiments with sufficient number of generations are performed assuming evaluate the layout only by the simulation, because the simulations are executed (number of individuals) × (number of generations) times.
Therefore, simple calculation method of worker's mileage by accumulating mileage of workers along each product flow is introduced, so that a sufficient number of generations can be performed in GA. Subsequently, further GA with computer simulations is performed. The proposed integration method is applied to a real-scale problem in this paper.
Integration of Simulation and Genetic Algorithm

Algorithm of the Proposed Method
The proposed method consists of two stages; simple calculation of worker's mileage is done and the sum of obtained values is used as fitness value of GA in the first stage. In the second stage followed, including some of the solutions obtained in the first stage as initial population, the GA is conducted with calculating fitness value by performing simulations. Perform a sufficient number of generations GA minutes faster in the first stage, then it can create a layout that takes into account both the flow of workers and products further in the second stage. The flowchart of the proposed method is shown in Fig. 1 . 
Calculation of Workers' Moving Mileage
Simplified calculation of the workers' moving mileage is determined as follows along to each product. The fitness of the GA is calculated by sum of each worker's mileage with respect to all products.
-Mileage between facilities is calculated based on the center coordinates of the facility. -Worker who performs the next process receives the product at the facility, delivers it to the following facility, processes it and returns to the waiting area. -Worker who is responsible for the last process is to convey to OUTPUT.
-Alternative facilities and workers are assigned in random manner.
When the operator acts as the rules above, as Fig. 2 , a triangle is composed by the flow line of workers among waiting area of the worker, facility of the process and the following facility. Furthermore, since the worker was in charge of the process is transported to the OUTPUT, rectangle as shown in the figure is formed in the final step. The workers' moving mileage are calculated by summing each product minutes triangles and quadrilaterals thereof.
Coding and Genetic Operation
Each individual in the GA represents the position information of each facility. It is assumed that expressed in numeric position of the partition that discretizing the manufacturing area, separated location information. Fig. 3 depicts an To prevent the facility and worker of two or more are present in one compartment separated, generation of individual, crossover and mutation operation are executed to avoid duplication in each bit of one individual.
-Generation of initial individuals: determine the position number in each individual from the bit head, but avoid duplicate numbers by going to random selection from the set excluding the numbers used in the previous bits. -Crossover: the two-point crossover is used. Duplicated bits are changed to the random number that does not overlap with other bits. -Mutation: select at random from the number that does not overlap with any bits itself has. Fig. 4 illustrates an overview of the central kitchen to target. The target area represents the area of interest of the facility layout plan in this study. Each product is dispatched from the Input location, and is collected at the Output location which is a shipping place. All facility number of plant is 55 units and the worker is 14, however, target area has facilities and workers to act as the planning target, 23 units, five operators, respectively. The target area is separated into 8 × 16 rectangular areas where each facility and waiting area of worker is allocated to one rectangle so as to achieve minimizing sum of workers' moving distance. Product varieties are set to 22. GA uses different parameters in the first and second stages from the viewpoint of the balance of the calculation time. Each parameter setting is as follows.
Experimental Results and Discussion
Experimental Conditions
-1st stage: population 1000, generation 20000, crossover rate 0.6, mutation rate 0.01 -2nd stage: population 100, generation 1000, crossover rate 0.6, mutation rate 0.01
The tournament selection with tournament size 2 and elite selection strategy are also adopted.
Results and Discussion
100 trials execute in the first stage, subsequently, 10 trials run in the second stage which include 10 best layouts obtained in the first stage as initial individuals. Table 1 represents the resultant best, mean and standard deviation value of obtained workers' moving mileage and the average computation time after the execution of the second stage. In addition, Fig. 5 represents the transition of the workers' mileage of attempts best solution is obtained.
As shown in the figure, compared with the layout obtained in the first stage, the value can be about 2,000 m shortened from 24,800 m. The result reveals that further combination of GA and simulation can obtain a better layout taking into account the flow of product and operators based on the layout determined by GA using a simplified calculation of fitness value. Comparison between the obtained layout and the current layout in the central kitchen is done. Table 2 shows moving mileage of each worker in both layouts. Fig. 6 also indicates the layout obtained by the proposed method (BEST) and the real central kitchen layout (Real). The standby position of each worker to be associated with the product flow of Product 15 is also illustrated in each layout. Looking at the flow diagram, after dispatched from the Input location, Product 15 is processed by Worker 14 below the layout. Transport distance is extended when Worker 14 delivers the product to the next step in the current layout; it requires only transport up to the center in the facility layout of BEST, but the facility of the next process is located above in the current layout.
It can be understood as the difference of transportation during this period has become a difference of Worker 14 between two layouts. It also seems that Worker 4 can obtain shorter distance in the obtained layout because Worker 4 is allocated to near position to the room in the left hand side of the layout where Worker 8, 9 and 10 are arranged; Worker 4 comes and goes to the room frequently during production.
Conclusion
This paper presented a new facility layout planning method of the central kitchen in food service industry by combining optimization, GA, and simulation; fitness value calculation was done by simplified numerical method in the first stage, then the simulation was also conducted in the second stage to consider both product and operator flow. Comparison results with the current layout of the central kitchen revealed the effectiveness of the proposed method.
Elaboration of simulation and combination with the shift-scheduling of workers can be pointed out as the further steps of the study.
